Background: Monoclonal B-cell lymphocytosis (MBL) is a benign expansion of clonal B lymphocytes that can be found in the blood of healthy adults, and it has the potential for evolution to chronic lymphocytic leukemia (CLL). MBL is commonly found among elderly population. We aimed to study the frequency among 200 healthy elderly adults who were chosen from general practice, ophthalmology, gynecology, cardiology, dermatology, and orthopedic preoperative patients. The selected individuals had normal hematologic parameters with no evident history of malignant disease.
Introduction
The incidence of lymphoproliferative disorders (LPDs) varies by geographic regions; Egypt is one of the regions of high incidence of LPDs among the world and Africa [1] .
Chronic lymphocytic leukemia (CLL) is the most common form of leukemia in the Western world. The median age of diagnosis in the USA, Europe and Australia is approximately 70 years [2] .
According to Middle East Cancer Consortium (MECC), the non-Hodgkin lymphomas (NHLs) age standardized incidence rates (ASRs) in Egypt are (16.3/100,000 persons) [3] .
The largest population-based study on hematopoietic cancers in Egypt observed that the CLL was the most common subtype of leukemia [4] .
Monoclonal B-cell lymphocytosis (MBL) is an asymptomatic condition characterized by the circulation of small, clonal B-lymphocyte populations less than 5 × 10 9 /L in the peripheral blood (PB), with no organomegaly or lymphadenopathy but has a specific immunophenotype (IPT) [5] .
MBL clones show a rather heterogeneous IPT of monoclonal B cells, being both CD5 + and CD5 -, but also with different levels of CD20 expression [6] .
MBL may be classified according to the IPT of clonal cells into: 1) CLL-like phenotype in which cells have the same phenotype like that of CLL cases: they co-express CD5, CD19, CD23, with dim CD20, and surface immunoglobulin (sIg) expression at low levels. 2) Atypical CLL phenotype: CD5 and CD19 co-expression, CD20 bright expression and/or CD23 negativity, light chain restriction with moderate/bright sIg expression. 3) Non-CLL phenotype: negative CD5, expression of CD20, light chain restriction with moderate/bright sIg expression [7] .
The following set of guidelines for the characterization of MBL was proposed [8] . 1) Detection of a monoclonal B-cell population in the PB with: kappa/lambda ratio > 3:1 or < 0.3:1, or more than 25% of B cells lacking or expressing low level sIg or disease-specific IPT (co-expression of CD5/CD19). 2) Exclusion criteria: organomegaly and lymphadenopathy, or The present study aimed to detect the frequency of MBL among apparently healthy elderly adults more than 60 years old through immunophenotyping by using flow cytometry.
Patients and Methods
The study base population comprised 200 individuals (117 male and 83 female) aged 60 years or more.
They were chosen from general practice, ophthalmology, gynecology, cardiology, dermatology, orthopedic preoperative patients, or patients presenting to the emergency department.
Samples were also collected from elderly individuals at homes for elderly as they are subjected to continuous medical care.
All individuals were routinely subjected to clinical examination either in the hospital clinics or elderly houses as a part of periodic medical care; these examinations included organomegaly and lymphadenopathy.
All individuals were interviewed and the study aspects were explained in details to each individual, then a written informed consent was taken and the study was approved by the local ethics committee of the Faculty of Medicine, Mansoura University.
PB samples were obtained from the selected individuals, and then complete blood pictures were recorded.
Routine investigations were done including liver function tests, random blood glucose, renal functions tests, and screening tests for hepatitis B virus, anti-hepatitis C virus and anti-HIV antibodies.
The individuals were then selected regarding the following criteria: 1) normal leukocyte count and differential, normal platelet count, and normal hemoglobin level; 2) negative results of screening tests for hepatitis B virus (HBs Ag), hepatitis C virus antibodies and HIV antibodies; 3) individuals without lymphadenopathy and organomegaly; and 4) patients had never previously gone to a hematology, oncology, or transplantation clinic.
All samples were processed within 24 h after blood withdrawal. Washing step was performed for the blood used for kappa/lambda staining aimed to remove the cytophilic antibodies.
Flow cytometry
Leucocytes were prepared by incubation of whole blood with a four-fold excess of ammonium chloride (NH 4 CL 0.86% in distilled H 2 O) in Falcon tubes at room temperature for 15 min.
The tubes were centrifuged at 2,000 rpm for 5 min, and then the excess of ammonium chloride was discarded leaving the pellet of cells at the bottom of the tube.
Three milliliter of phosphate-buffered saline (PBS) was added to the tubes and well mixed by vortex, and then the tubes were centrifuged for 5 min at 2,000 rpm.
Excess PBS was removed, and then the pellet of the cells was mixed with 1 mL PBS, well mixed by vortex, and then counted using automated hematology analyzer.
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1 mL PBS and well mixed by vortex. Two hundred microns of the cell suspension were aliquoted into five tubes, and then antibodies were added to each tube. Cells were incubated with 10 µL of the following antibody mixes: anti-CD5 fluorescein isothiocyanate (FITC)/anti-CD19 phycoerythrin (PE), anti-kappa FITC/anti-lambda PE/ anti-CD19 PerCP.
Cells were incubated for 30 min in the dark at 4 °C, then washed twice with PBS suspended in 1 mL PBS and acquired immediately using an FACS Canto II flow cytometer.
For each sample at least 50,000 events were acquired, and then analyzed with the FACS DIVA software system (Becton Dickinson, USA) (Fig. 1) .
Samples that met predetermined criteria of either > 40%
CD19 + B cells (reference range 4-23%) or CD5 co-expression on CD19 + B cells (reference range 0-4%) were considered as MBL [9] .
Data analysis
Data were entered, organized, tabulated and analyzed using the standard computer program SPSS (Statistical Package for the Social Sciences) version 20. Quantitative data were expressed as mean ± SD, while qualitative data were expressed as frequency and percent. Student's t-test was used to measure the difference between means of two quantitative groups, while Chi-square (χ 2 ) was used to assess the relationship between two qualitative variables, with the significant level set at 0.05.
Results
Samples from 11 subjects (5.5%) met the MBL criteria established for this study (Fig. 2) . Demographic information, IPT results and clonality assessments of the 11 samples are listed in Table 1 . The mean age of MBL cases was 64.2 ± 3.45 years, six of them were males representing 5.1% (6/117) of male individuals and 3% (6/200) from the studied population and five of them were females representing 6% (5/83) of female individuals and 2.5% (5/200) from the studied population.
The percentage of the MBL individuals who were related to CLL phenotype subtype in which there were CD19 + /CD5 + B cells (Fig. 3) with or without light chain restriction was 36.4% (4/11) representing 2% (4/200) of the studied sample including two males and two females, and 63.6 (7/11) of MBL individuals were related to non-CLL phenotype subtype in which there was light-chain-restricted CD19 + B cells with no CD5 expression (Fig. 4) . They represent 3.5% (7/200) of the studied sample including four males and three females (Fig. 5) .
From the 11 cases of MBL, eight cases showed light chain restriction, seven of them showed kappa light chain restriction Table 1 demonstrating CD5 FITC and CD19 PE co-expression. 87.5% (7/8) and one case showed lambda light chain restriction 12.5% (1/8).
Age and gender distribution of the 200 subjects in the study demonstrated non-significant (P) value of 0.780 for gender and 0.650 for age, indicating no correlation between MBL with age and sex.
Discussion
The frequency of MBL was defined through detection of an unbalanced ratio between kappa and lambda light chain, CD5/ CD19 co-expression as a sign of the presence of a monoclonal B-cell population.
Numerous technical factors were faced during light chain detection such as non-specific bindings, and also when assessing the clonality correctly in biological fluids, one must be able to detect small numbers of monoclonal B cells in the presence of polyclonal B cells. In addition, neoplastic B cells may express light chain epitopes not readily detected by all antibodies [10] .
Interpretation of staining for kappa and lambda immunoglobulin light chains could be made more difficult by the presence of non-specific staining that can occur through association with Fc receptors and adherence of antibody to "sticky" cells, including damaged or dying cells.
Binding of antibodies to non-B cells can be excluded by evaluating only cells that express one or more B-lineage-associated antigens: for example, by gating on CD19 or CD20 cells, and could be minimized by incubation of cells with a blocking reagent such as immune sera prior to staining with anti-light chain antibodies [11] .
More than one set of kappa/lambda light chain reagents may be used, for the detection of any B-cell monoclonal population by light chain restriction [12] .
In the current study, we aimed to decrease the non-specific binding expected during light chain analysis through washing the samples by PBS before antibody staining, also by pairing them with CD19 during cytofluorograph analysis.
The total number of cases that could be detected as MBL was 11 (six males and five females), from 200 elderly individuals, representing 5.5% (11/200) (Fig. 2) .
From the 11 cases of MBL, seven cases showed light chain restriction, six (85%) of them showed kappa light chain restricted and one case (15%) with lambda light chain restriction.
These results may agree with that found in neoplastic and normal conditions; normally in reactive lymphoid populations there is a mixture of kappa and lambda positive cells, with cells expressing kappa light chains more than those expressing lambda light chains.
Kappa expression is also more common than lambda in lymphoid neoplasms with the exception of hairy cell leukemia and mantle cell lymphoma [13] .
Nieto et al (2009) [14] found that 48 (66%) of 73 cases expressed surface kappa light chain immunoglobulin and 11 (15%) expressed lambda light chain immunoglobulin.
The cases of MBL with the characteristics of CLL phenotype cells were 2% (CD5 + /CD19 + ) and the non-CLL phenotype in 3.5 % (CD5 -/CD19 + ) (Fig. 5) .
The third category of MBL which is atypical CLL phenotype (CD5 + , CD19 + , CD23 + , and CD20 high ) and cannot be determined as CD20 was not included in the current study.
The frequency of MBL in the previous studies among elderly and other population categories showed marked variation ranging from 0.14% to 14%; this could be attributed to many factors which affect the sensitivity of the technique such as the number of colors of the flow cytometry used.
Early screening studies using two-color flow cytometry identified only a monoclonal B-cell population in 0.1-3% of the general population [9] .
Subsequent studies using four-to eight-color flow cytometry showed that the prevalence of monoclonal B cells increased with age, being 2.4% among individuals younger than 75 years of age as compared with 5.7% of individuals older than 75 years [15] .
Regarding laboratory methodology, the major factor that influences MBL detection is the number of B cells acquired for analysis [16] .
This impact is most clearly demonstrated when acquiring 5 × 10 6 leukocytes and recorded the highest prevalence of MBL among all general population studies [14] .
The prevalence of MBL recorded by Nieto et al [14] approached that found in the familial CLL reported by Marti et al [12] .
In the current study, although three colors were used during light chain analysis (CD19 PerCP, kappa FITC, and lambda PE) and two colors during CD5 FITC/CD19 PE co-expression analysis, the prevalence was 5.5% and this may indicate that this prevalence is higher in comparison with other previous studies using 2 -3 colors and this means that using more colors with more markers may result in higher prevalence in the studied population.
Using multiple markers and multicolor flow cytometry enables sequential gating strategies which help us to detect very small populations of MBL among CD19 + B cells.
The observations from the prevalence of MBL of different studies show that the current study prevalence overlaps with some studies but with an unexpected finding in which the overall high number of non-CLL-like clones (seven cases) is in relation to CLL phenotype.
The study of Rawstron et al [17] included 1,520 subjects who were 62 -80 years of age and had normal blood counts and no history of cancer. CLL-phenotype MBL was detected in 78 (5.1%) and non-CLL-phenotype MBL (i.e., light chainrestricted CD19 + B cells with no CD5 expression) was identified in 27 subjects (1.8%) [17] .
For overall MBL, the age-specific prevalence in a Spanish study was 5.1% for the 40 -49 years group and 5.3% for the 50 -59 years group. The prevalence sharply increased in the older age groups: 17.5% (60 -69 years), 21.7% (70 -79 years), 27.3% (80 -89 years) and 75% (> 89 years) [14] .
The results of the current study regarding the age were non-significant (P = 0.650). This may be related to lower number of patients included in the present study than the Spanish one.
The current study also showed no significant difference regarding gender (P = 0.780).
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Nieto et al (2009) reported that males showed higher MBL prevalence than females but without statistical significance (P) value > 0.05 [14] .
MBL among 1,926 of volunteers living near or far from waste sites in the United States was totally 0.6, regarding the gender (male/female: 0.6%/0.5%) [18] .
MBL among outpatients from three clinics outside Turin, referred for routine blood tests with normal blood cell counts and had no history or suspicion of malignancy in Italy, was totally 6.4, regarding the gender (male/female: 7.4%/5.6%) [15] .
Conclusion
Monoclonal proliferation of B lymphocytes can be detected in an increasing number of otherwise healthy individuals, depending on the progressive improvements in the flow cytometric techniques. The MBL patients should be followed up to detect any progression to overt CLL.
